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(57) ABSTRACT 

Herein described is a method of implementing one or more 
native NMOS antifuses in an integrated circuit. Also 
described is a method for programming one or more native 
NMOS antifuses used Within a memory device. The method 
further comprises verifying one or more states of the one or 
more native NMOS antifuses after the programming has been 
performed. In a representative embodiment, the one or more 
native NMOS antifuses are implemented by blocking the 
implantation of a dopant into a substrate of an integrated 
circuit. In a representative embodiment, an integrated circuit 
incorporates the use of one or more native NMOS antifuses. 
In a representative embodiment, the integrated circuit com 
prises a memory device, such as a one time programmable 
memory. 
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MEMORY DEVICE USING ANTIFUSES 

BACKGROUND OF THE INVENTION 

[0001] Improvements in integrated circuit technology have 
produced smaller devices With higher performance and 
reduced poWer consumption. These improvements may be 
employed in the fabrication of integrated circuits such as 
integrated circuit memories. One such memory comprises a 
one time programmable memories (OTPs). When designing 
or fabricating a one time programmable memory (OTP), the 
supply voltages that are used to poWer the OTP may be large 
because of internal design requirements. Such internal design 
requirements may be related to the voltage level requirements 
of the individual components that are used to implement the 
OTP. These voltage levels may be related to proper biasing of 
the electronic components in the OTP. When an OTP is imple 
mented using NMOS (n channel MOSFET) logic, proper 
forWard biasing of an n channel MOSFET may result in a 
voltage drop, VT, across the gate to the drain of such a tran 
sistor, for example. Unfortunately, such voltage drops may 
relate to increases in poWer consumption When operating a 
one time programmable memory (OTP). 
[0002] The limitations and disadvantages of conventional 
and traditional approaches Will become apparent to one of 
skill in the art, through comparison of such systems With 
some aspects of the present invention as set forth in the 
remainder of the present application With reference to the 
draWings. 

BRIEF SUMMARY OF THE INVENTION 

[0003] Aspects of the invention provide at least a method of 
implementing an antifuse in an integrated circuit. Aspects of 
the invention provide at least an integrated circuit that incor 
porates the use of one or more native NMOS antifuses. The 
various aspects of the invention are substantially shoWn in 
and/or described in connection With at least one of the fol 
loWing ?gures, as set forth more completely in the claims. 
[0004] These and other advantages, aspects, and novel fea 
tures of the present invention, as Well as details of illustrated 
embodiments, thereof, Will be more fully understood from the 
folloWing description and draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] FIG. 1 is a block diagram ofa crossectional vieW of 
a native NMOS antifuse as fabricated in an integrated circuit 
in accordance With an embodiment of the invention. 
[0006] FIG. 2 is a block diagram ofa memory device illus 
trating a number of native NMOS antifuses along With sup 
porting circuitry in accordance With an embodiment of the 
invention. 
[0007] FIG. 3 is an operational ?oW diagram describing the 
programming of a native NMOS antifuse and subsequent 
veri?cation of a state of a native NMOS antifuse for the 
memory device illustrated in FIG. 2, in accordance With an 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0008] Various aspects of the invention provide for a 
method of fabricating a native NMOS antifuse. Furthermore, 
the various aspects of the invention provide for at least an 
integrated circuit that is implemented using one or more 
native NMOS antifuses. In a representative embodiment, the 
integrated circuit comprises a memory device. In accordance 
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With the various aspects of the invention, the native NMOS 
antifuse may be fabricated by Way of blocking a threshold 
implant that is typically used during a NMOS fabrication 
process. By blocking the threshold implant, occurrence of a 
threshold voltage betWeen a gate and a drain of an antifuse 
may be minimiZed or reliably eliminated When the antifuse is 
programmed. In a NMOS process, for example, a parasitic 
transistor diode may be created betWeen a gate and a drain of 
an antifuse When the antifuse is programmed, for example. 
The parasitic transistor diode creates a typical diode charac 
teristic having a threshold voltage, VT. Unfortunately, an 
existence of such a threshold voltage may inhibit or interfere 
With a subsequent veri?cation test that may be used to prop 
erly read the state of the antifuse. Furthermore, the existence 
of the threshold voltage also makes it dif?cult to further 
program the antifuse. 

[0009] By using a native NMOS process, a memory device 
may be implemented using one or more antifuses. In a repre 
sentative embodiment, the memory device comprises a one 
time programmable memory (OTP). The OTP may be fabri 
cated as a high speed digital integrated circuit, for example. 
[0010] FIG. 1 is a block diagram ofa crossectional vieW of 
a native NMOS antifuse as fabricated in an integrated circuit 
in accordance With an embodiment of the invention. The 
native NMOS antifuse comprises a poly silicon gate 104, a 
drain (or source) 108, a gate oxide (silicon oxide) layer 112, 
a hole 120 Within the gate oxide layer 112, and a substrate 
116. In a representative embodiment, the native NMOS anti 
fuse may be fabricated using either a drain or source 108 of an 
NMOS transistor. In contrast to a non-native NMOS antifuse, 
the substrate 116 of the native NMOS antifuse is not doped or 
implanted With any dopant. For example, implantation of a 
dopant, such as boron or phosphorus, into the substrate 116 of 
an NMOS antifuse is not alloWed in a native NMOS process. 
The hole 120 comprises a semiconductor material that pro 
vides a path in Which current may travel from the gate 104 to 
the drain 108. HoWever, the current ?oWs only When the 
voltage at the gate is higher than a threshold voltage, VT, for 
a non-native NMOS antifuse. When an antifuse is fabricated 
using a native NMOS process, the voltage threshold is elimi 
nated, such that the path betWeen the hole 120 and the drain 
108 is purely resistive. The native NMOS antifuse delineated 
in FIG. 1 may represent one cell in an integrated circuit. This 
cell may be used any number of times in the design and 
creation of an integrated circuit memory. The representative 
embodiment of FIG. 1 also depicts a gate contact connected to 
the gate and a drain (or source) contact connected to the drain 
(or source) of the native NMOS antifuse. The integrated cir 
cuit memory may comprise a one time programmable 
memory (OTP), for example. 
[0011] FIG. 2 is a block diagram ofa memory device illus 
trating a number of native NMOS antifuses along With sup 
porting circuitry in accordance With an embodiment of the 
invention. In a preferred representative embodiment, one or 
more native NMOS antifuses are used to implement an inte 
grated circuit memory, such as a one time programmable 
memory (OTP). Absence of a threshold voltage in the one or 
more native NMOS antifuses facilitates the use of loWer 
supply voltages in poWering the OTP. In a representative 
embodiment, the absence of a threshold voltage in each of the 
one or more native NMOS antifuses facilitates the use of a 

loWer supply voltage When poWering an associated differen 
tial sense ampli?er. In this representative embodiment, one or 
more gates of the native NMOS antifuses are connected to the 
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inputs of the differential sense ampli?er. In a representative 
embodiment, the memory device (or OTP) comprises a num 
ber of native NMOS antifuses arranged in roWs and columns. 
In a representative embodiment, the native NMOS antifuses 
may be arranged as a M><N (i.e., M roWs by N columns) array. 
For the sake of simplicity, only tWo columns and four roWs of 
native NMOS antifuses 204, 206, 208, 210, 212, 214, 216, 
218 (i.e, a total of eight) are shoWn in the memory device (or 
OTP) of FIG. 2. The memory device comprises a roW control 
logic circuitry 220, a programming control logic circuitry 
224, a column control logic circuitry 236, a reference voltage 
generator 232, a reference current generator 240, and a dif 
ferential ampli?er 228. The column control logic circuitry 
236 may comprise a N11 column multiplexer, Where N cor 
responds to the number of columns of native NMOS antifuse 
devices in the memory device, for example. The column 
control logic circuitry 236 may utiliZe a column select signal 
as an input for selecting one of N columns in the M><N array. 
The roW control logic circuitry 220 may be used to enable a 
particular roW of the M roWs represented in the array. The roW 
control logic circuitry 220 may transmit roW control signals to 
each of the native NMOS antifuses in the array. The pro gram 
ming control logic circuitry 224 may comprise a voltage 
source that may be used for breaking doWn the gate oxide of 
each of the native NMOS antifuses in the array. The voltage 
source may be con?gured to be at a level high enough in 
magnitude to break doWn the gate oxide reliably. In a repre 
sentative embodiment, the voltage source comprises a 5 Volt 
source. The programming control logic circuitry 224 may 
comprise timing and logic circuitry used in programming one 
or more the native NMOS antifuses in the array. When one of 
the one or more native NMOS antifuses are selected and 

programmed by the programming control logic 224, the gate 
oxide of the selected antifuse is ruptured or broken doWn and 
the gate to drain is electrically connected by Way of a loW 
resistance. As a consequence, the gate is essentially shorted to 
ground (via the drain or source) through the loW resistance; 
and as a consequence, the voltage at the gate is interpreted to 
be a logical ‘0’ state. If a particular antifuse is not pro 
grammed, the gate oxide is left intact, and the gate to drain (or 
source) is open circuited. The reference current generator 240 
may be used, for example, to verify the state of a particular 
antifuse after programming has occurred. The reference cur 
rent generator 240 may be used to verify Whether a particular 
antifuse Was programmed or not. The reference current gen 
erator 240 sources current to a selected antifuse. If the anti 
fuse’s gate is ruptured or broken, the current passes through 
the gate to ground; as a consequence, the voltage reading at 
the gate is a loW voltage or interpreted as a logical ‘0’. If on the 
other hand, the antifuse’s gate is not ruptured, the current 
cannot pass through the gate, and the voltage reading at the 
gate is a high voltage or interpreted as a logical ‘1’. The gate 
voltage from a particular antifuse may be transmitted to the 
differential ampli?er 228, Where it is ampli?ed. The differ 
ential ampli?er 228 may comprise a differential sense ampli 
?er. The differential ampli?er 228 may invert the received 
gate voltage before it is output. The reference voltage genera 
tor 232 provides a reference voltage to poWer the differential 
ampli?er 228. The roW control logic circuitry 220, the column 
control logic circuitry 236, and the programming control 
logic circuitry 224 may comprise any type of digital hardWare 
or electronics. 

[0012] FIG. 3 is an operational ?oW diagram describing the 
programming of a native NMOS antifuse and subsequent 
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veri?cation of a state of a native NMOS antifuse for the 
memory device illustrated in FIG. 2, in accordance With an 
embodiment of the invention. At step 304, a particular roW is 
selected in an array of native NMOS antifuses. A roW control 
logic circuitry such as that previously described in reference 
to FIG. 2 may transmit one or more roW control signals to 
enable the selection of a particular roW. For an M><N array, 
one of M roWs may be selected using the roW control logic 
circuitry. At step 308, a particular column may be selected in 
the array of native NMOS antifuses. A column control logic 
circuitry such as that previously described in reference to 
FIG. 2 may be used to select one of N columns in the array. 
One of N columns in the array may be selected by the column 
control logic circuitry. After selecting a particular native 
NMOS antifuse using the roW control logic circuitry and 
column control logic circuitry, the antifuse may be pro 
grammed using a programming logic control circuitry, at step 
312. The programming control logic circuitry may utiliZe a 
supply voltage capable of rupturing or breaking doWn the gate 
oxide of the selected native NMOS antifuse. After the gate 
oxide has been ruptured, the corresponding antifuse is con 
sidered to have been programmed. When the gate oxide is 
ruptured, the gate of the antifuse is considered shorted to 
ground by Way of a small resistance. Next at step 316, the state 
of the selected antifuse may be veri?ed after programming 
has been performed. The state of the antifuse may be veri?ed 
by sourcing a current into the gate of the selected antifuse. A 
reference current generator, such as that described in refer 
ence to FIG. 2, may be used to source the current. The voltage 
at the gate may be transmitted to the inputs of a differential 
ampli?er, as previously described in FIG. 2. The differential 
ampli?er may comprise an inverted differential sense ampli 
?er, for example. At step 320, the differential ampli?er may 
output the state of the selected native NMOS antifuse. If the 
selected native NMOS antifuse Was properly programmed, 
then the output of an inverted differential sense ampli?er 
Would be a logical ‘1’, for example. 
[0013] HoWever, if the selected native NMOS antifuse Was 
not programmed, then the output of an inverted differential 
sense ampli?er Would be a logical ‘0’, for example. 
[0014] While the invention has been described With refer 
ence to certain embodiments, it Will be understood by those 
skilled in the art that various changes may be made and 
equivalents may be substituted Without departing from the 
scope of the invention. In addition, many modi?cations may 
be made to adapt a particular situation or material to the 
teachings of the invention Without departing from its scope. 
Therefore, it is intended that the invention not be limited to 
the particular embodiment disclosed, but that the invention 
Will include all embodiments falling Within the scope of the 
appended claims. 

1-36. (canceled) 
37. A method for implementing a memory device compris 

1ng: 
selecting one or more cells in an array of cells in said 
memory device, said memory device comprising at least 
one native NMOS antifuse, said antifuse fabricated 
using a process that blocks a threshold implant, said 
selecting performed by a circuitry used for con?guring a 
roW selection and a column selection of said array; and 

applying a voltage source to break doWn a gate oxide layer 
of said at least one native NMOS antifuse. 

38. The method of claim 37 Wherein said memory device 
comprises a one time programmable memory (OTP). 



US 2010/0118584 A1 

39. The method of claim 37 wherein using said process 
eliminates the presence of a threshold voltage betWeen a gate 
and a drain or said gate and a source of said antifuse. 

40. The method of claim 37 Wherein said circuitry com 
prises a current source for generating a current used for driv 
ing said antifuse and generating a voltage reading at a gate of 
said antifuse. 

41. The method of claim 37 Wherein said breaking doWn 
said gate oxide layer produces a loW resistance connection 
betWeen a gate and a drain of said antifuse. 

42. The method of claim 37 Wherein said breaking doWn 
said gate oxide layer produces a loW resistance connection 
betWeen a gate and a source of said antifuse. 

43. The method of claim 37 Wherein said circuitry com 
prises an antifuse. 

44. The method of claim 43 Wherein said antifuse com 
prises a native NMOS antifuse. 

45. A memory device comprising: 
one or more circuits operable for, at least: 

selecting one or more cells in an array of cells in said 
memory device, said memory device comprising at 
least one NMOS antifuse, said antifuse fabricated 
using a process that blocks a threshold implant, said 
selecting performed by con?guring a roW selection 
and a column selection of said array; and 

applying a voltage source to break doWn a gate oxide 
layer of said at least one native NMOS antifuse. 

46. The memory device of claim 45 Wherein said memory 
device comprises a one time programmable memory (OTP). 

47. The memory device of claim 45 Wherein using said 
process eliminates the presence of a threshold voltage 
betWeen a gate and a drain or said gate and a source of said 
antifuse. 

48. The memory device of claim 45 Wherein said one or 
more circuits comprises a current source for generating a 
current used for driving said antifuse and generating a voltage 
reading at a gate of said antifuse. 

49. The memory device of claim 45 Wherein said breaking 
doWn said gate oxide layer produces a loW resistance connec 
tion betWeen a gate and a drain of said antifuse. 

50. The memory device of claim 45 Wherein said breaking 
doWn said gate oxide layer produces a loW resistance connec 
tion betWeen a gate and a source of said antifuse. 

51. The memory device of claim 45 Wherein said one or 
more circuits comprises an antifuse. 

52. The memory device of claim 51 Wherein said antifuse 
comprises a native NMOS antifuse. 

53. A memory device comprising: 
an array of antifuse cells fabricated using a native NMOS 

process; and 
one or more circuits operable for, at least: 

adjusting the selection of a roW and a column of said 
array of native NMOS antifuse cells; 

selecting a cell of said array based on said selection; and 
using a voltage source to break doWn a gate oxide layer 

of a native NMOS antifuse of said cell. 
54. The memory device of claim 53 Wherein said memory 

device comprises a one time programmable memory (OTP). 
55. The memory device of claim 53 Wherein using said 

process eliminates the presence of a threshold voltage 
betWeen a gate and a drain or said gate and a source of said 
antifuse. 
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56. The memory device of claim 53 Wherein said one or 
more circuits comprises a current source for generating a 
current used for driving said antifuse and generating a voltage 
reading at a gate of said antifuse. 

57. The memory device of claim 53 Wherein said breaking 
doWn said gate oxide layer produces a loW resistance connec 
tion betWeen a gate and a drain of said antifuse. 

58. The memory device of claim 53 Wherein said breaking 
doWn said gate oxide layer produces a loW resistance connec 
tion betWeen a gate and a source of said antifuse. 

59. The memory device of claim 53 Wherein said one or 
more circuits comprises an antifuse. 

60. The memory device of claim 59 Wherein said antifuse 
comprises a native NMOS antifuse. 

61. A memory device comprising one or more antifuses 
used for con?guring said memory device Wherein said one or 
more antifuses are implemented using a native NMOS pro 
cess. 

62. The memory device of claim 61 Wherein said using a 
native NMOS process minimiZes occurrence of a threshold 
voltage betWeen a gate and a drain or source of said one or 
more antifuses. 

63. The memory device of claim 61 Wherein said using a 
native NMOS process eliminates the presence of a threshold 
voltage betWeen a gate and a drain or source of said one or 
more antifuses. 

64. The memory device of claim 61 Wherein said one or 
more antifuses are used to implement a one time program 

mable memory (OTP). 
65. The memory device of claim 61 further comprising a 

control logic circuitry for selecting a certain antifuse of a 
plurality of antifuses, said plurality of antifuses arranged in a 
M by N array, said control logic circuitry comprising: 

a column control logic circuitry for selecting one of N 
columns in said M by N array; and 

a roW control logic circuitry for selecting one of M roWs in 
said M by N array. 

66. The memory device of claim 65 Wherein said column 
control logic circuitry comprises a multiplexer used to select 
said one ofN columns. 

67. The memory device of claim 65 further comprising a 
current source used for driving said certain antifuse When 
verifying a state of said certain antifuse. 

68. The memory device of claim 67 Wherein a voltage 
reading is generated from said driving said certain antifuse, 
said voltage reading transmitted to a differential ampli?er. 

69. The memory device of claim 61 further comprising a 
voltage source for said programming said memory device. 

70. The memory device of claim 69 Wherein said voltage 
source is used for rupturing a gate oxide of a certain antifuse 
of said one or more antifuses. 

71. The memory device of claim 70 Wherein said rupturing 
said gate oxide produces a loW resistance connectionbetWeen 
a gate and a drain of said certain antifuse. 

72. The memory device of claim 70 Wherein said rupturing 
said gate oxide produces a loW resistance connectionbetWeen 
a gate and a source of said certain antifuse. 

73. A method of using a memory comprising one or more 
antifuses, said method comprising programming said one or 
more antifuses, said one or more antifuses fabricated using a 
native NMOS process. 

* * * * * 


